Background: There are different and inconsistent conclusions regarding the genetic relationship between the human tumor suppressor p53 (TP53) rs1042522 polymorphism and the risk of oral squamous cell carcinoma (OSCC) and oral leukoplakia (OL). Therefore, the aim of the study was to comprehensively reassess this association through the performance of an updated meta-analysis. Methods: After searching the available databases, we systematically screened and included the eligible case-control studies, which contain the full genotype frequency data of the TP53 rs1042522 polymorphism for both OSCC/OL patients and the negative control groups. P A (P-value of the association test) and ORs (odd ratios) with their corresponding 95% CIs (confidence intervals) were calculated to quantitatively evaluate the influence of TP53 rs1042522 on the susceptibility of patients to OSCC or OL.
Background
The human tumor suppressor p53 (TP53) gene on chromosome 17p13, which is also known as p53, was reported to be involved in a group of cell biology events, such as the cell cycle, apoptosis and genomic stability [1, 2] . Some genetic variants of the TP53 gene were reported to be linked to human carcinogenesis [2, 3] . The rs1042522 G/C, which is a very common polymorphism at exon 4 of the TP53 gene, results in the alteration at codon 72 between arginine (Arg, R) and proline (Pro, P) and causes the TP53Arg72Pro mutation. This may affect the normal function of the TP53 protein and is implicated in susceptibility to several clinical diseases (e.g., colorectal cancer [4] , endometriosis [5] or type 2 diabetes [6] ).
Herein, we are interested in exploring the potential role of TP53 rs1042522 in the risk of oral squamous cell carcinoma (OSCC) or oral leukoplakia (OL). OSCC, which is the main type of oral cancer, originates from squamous cells on the surface of the oral cavity or oropharynx [7, 8] . OL is considered the pre-cancerous lesion with white or gray keratosis on the oral mucosa [8, 9] . Life style (e.g., tobacco smoking, drinking, and chewing), human papillomavirus (HPV) infection, and other functional variants may be implicated in the etiology of OSCC and OL [7] [8] [9] .
Currently, the association between rs1042522 of the TP53 gene and OL/OSCC risks has been inconsistently reported among different populations. For instance, TP53 rs1042522 was reported to be associated with the risk of oral potentially malignant disorders (OPMD), including OL, in Argentine patients [10] . However, the risk of OL was not found in Taiwanese patients [11] . TP53 rs1042522 may have been linked to an increased risk of OSCC in an Indian population [12, 13] . However, the negative genetic conclusion between TP53 rs1042522 and OSCC risk in India was also observed in another report [14] . Additionally, the GC genotype of TP53 rs1042522 may be associated with a reduced risk of OSCC patients in Italy [15] . Therefore, the meta-analysis provides helpful insights into the genetic role of TP53 rs1042522 in the susceptibility of the patient to OL or OSCC.
Currently, as far as we know, no meta-analysis has been previously published to investigate the relationship between rs1042522 of the TP53 gene and the predisposition of OL. Regarding the association between TP53 rs1042522 and OSCC risk, only two previous meta-analyses were published [16, 17] . Given the newly published case-control studies and the utilization of a strict screening strategy and quantitative synthesis, we performed an updated meta-analysis aiming to analyze the potential difference of TP53 rs1042522 in the OSCC cases and the negative controls.
Materials and methods

Database searching
Our study was conducted in accordance with PRISMA (preferred reporting items for systematic reviews and meta-analyses) guidelines [18] . The PRISMA 2009 checklist is shown in the Additional file 1. Three online databases, including PUBMED, WOS (Web of Science), and EMBASE (Excerpta Medica Database), were searched up to June 2018 without any restrictions regarding language or the publication period. The principle of PICOS, namely, "population" (P), "intervention" (I), "comparator" (C), "outcomes" (O), and "study designs" (S), was considered. A series of terms regarding "population" (human patients with OSCC or OL disease) and "intervention" (polymorphism of the TP53 gene) was utilized. To prevent the excessive filtering of articles, we checked the information of the "comparator" (negative control), "outcomes" (risk of OSCC or OL) and "study designs" (case-control study) by reading the text of the articles without a specific limitation in the electronic database search. The detailed search terms are shown in Additional file 2. Then, we removed the duplicates by using the "Find Duplicates" function of Endnote X7 software (Thomson Reuters, Philadelphia, PA, USA).
Inclusion and exclusion criteria
With reference to our inclusion and exclusion criteria, two authors (ZS and WG) independently screened and assessed the articles for eligibility based on the PICOS strategy. The inclusion criteria were as follows: (P) containing the patients with oral squamous cell carcinoma and oral leukoplakia; (I) focusing on the TP53 rs1042522 polymorphism; (C) containing the negative controls; (O) the completed genotype distribution of GG, GC and CC and can be used for the assessment of OSCC or OL risk under the six genetic models, namely, C vs. G (allele), C vs. G (carrier), CC vs. GG (homozygote), GC vs. GG (heterozygote), GC + CC vs. GG (dominant), and CC vs. GG + GC (recessive); and (S) case-control studies.
The exclusion criteria were as follows: (P) animal or cell data, other disease or unconfirmed OSCC; (I) other genes, other variants or unconfirmed TP53 mutation site; (C) lack of a control group or the genotype distributions of the control deviated from the HWE (Hardy--Weinberg Equilibrium) (P-value of HWE from χ 2 test < 0.05); (O) lack of full genotype frequency data in both the case and control group; and (S) a meta-analysis, review, and meeting abstracts.
Data collection and quality assessment
Then, we carefully extracted the data and listed the basic information (such as method, age, gender, smoking, alcohol, location, ethnicity, and disease type) and genotype frequency in the Tables. E-mails were sent for the missing data. We also evaluated the quality of each study using the NOS (Newcastle-Ottawa quality assessment Scale) system with the score of 1~9. The high quality was considered when the NOS score was larger than five. A full discussion was required for a conflicting or controversial issue during quality assessment.
Association and heterogeneity test STATA 12.0 software (Stata Corporation, Texas, USA) was used for the quantitative synthesis and outcome measures. A two-sided P-value of association test, pooled ORs (odd ratios), and the 95% CI (confidence interval) were performed and used under the following six genetic models: C vs. G (allele); C vs. G (carrier); CC vs. GG (homozygote); GC vs. GG (heterozygote); GC + CC vs. GG (dominant); and CC vs. GG + GC (recessive). When P < 0.05 from the association test and the OR value > 1, the C minor allele of TP53 rs1042522 will be considered the risk factor of OSCC or OL.
We performed the Q statistic and I 2 test to assess the between study heterogeneity. A random-effect model (DerSimonian and Laird method) for high heterogeneity will be used when P-values of the Q statistic are < 0.05 or the I 2 values are > 50%. Otherwise, a fixed-effect model (Mantel-Haenszel method) was used.
Additionally, we performed a group of subgroup analyses based on the control source (population-based or hospital-based), ethnicity (Caucasian or Asian), location (India, USA, China), and OSCC type (oral cavity, HPV16 −/+).
Publication bias
Taking into consideration that publication bias may exist, Begg's test and Egger's test were conducted when at least ten case-control studies were enrolled. Publication bias was indicated by a P value for Begg's test and Egger's test being less than 0.05.
Sensitivity analysis
We also conducted the sensitivity analyses under all of the genetic models. If there is no obvious change for the value of recalculated ORs (odd ratios), and the 95% CI (confidence interval) when the individual study was systematically omitted at a time, statistical stability of data was considered. The deleted case-control studies, which Table 1 Meta-analysis of TP53 rs1042522 and OSCC risk lead to an obvious change, will be regarded as the source of heterogeneity and will be removed.
Results
Study selection and characteristics Figure 1 shows the PRISMA 2009 flow diagram of our study. We obtained 143 records across three databases, including PUBMED (n = 31), WOS (n = 84) and EMBASE (n = 28). Then, a total of 137 records were screened after the duplicates were removed. After screening the titles and abstracts, 114 records were excluded for various reasons: animal or cell data, other disease or unconfirmed OSCC (n = 31); other genes, other variants or an unconfirmed TP53 mutation site (n = 35); lack of a control group or full genotype frequency data in both the case and the control group (n = 21); metaanalysis, review, and meeting abstracts (n = 27). Next, the eligibility of 23 full-text articles was evaluated. From these articles, the genotype distributions of three articles did not adhere to HWE. Finally, a total of twenty articles were rigorously included in our quantitative synthesis. Of these twenty articles, sixteen studies [11] [12] [13] [14] [15] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] examined oral squamous cell carcinoma (OSCC), and five studies [10, 11, [30] [31] [32] examined oral leukoplakia (OL). The basic information and genotype frequency of the included studies are listed in Additional file 3 and Additional file 4. NOS assessment system data (Additional file 5) showed that all of the enrolled case-control studies are high quality because all NOS quality scores were larger than five.
TP53 rs1042522 and OSCC risk
First, a total of 17 case-control studies from 16 articles with 3047 cases and 3305 controls were recruited for the meta-analysis of TP53 rs1042522 and OSCC risk. Table 1 shows the heterogeneity for the three genetic models: allele C vs. G [I 2 = 55.0%, P H (P-value of heterogeneity = 0.003) and dominant GC + CC vs. GG (I 2 = 47.6%, P H = 0.015), which led to the use of a random-effects model (DerSimonian and Laird method). A fixed-effects model (Mantel-Haenszel method) was utilized for others. The summary data in Table 1 show that compared with the controls, no increased or decreased risk of OSCC was observed in the cases for the six genetic models including allele C vs. G [P A (P-value of association test) =0.741], carrier C vs. G (P A = 0.853), homozygote CC vs. GG (P A = 0.085), heterozygote GC vs. GG (P A = 0.882), dominant GC + CC vs. GG (P A = 0.969), and recessive CC vs. GG + GC (P A = 0.980). Forest plot data of the allele C vs. G model are depicted in Fig. 2 .
Subgroup meta-analyses were also performed by PB (population-based)/HB (hospital-based), Caucasian/Asian, India/USA/China, and oral cavity/HPV16 (−)/HPV16(+). OL, oral leukoplakia; N, number of case-control studies; PB: population-based control; ORs, odd ratios; CIs, confidence intervals; P A, P value of association test; P H, P values of heterogeneity test P A value <0.05, the number is in bold
As shown in Table 1 and Additional file 6, Additional file 7, Additional file 8, Additional file 9, there is no statistically significant difference between the cases and the controls in all of the subgroup analyses (all P A > 0.05) except for the Caucasian subgroup for the heterozygote model (P A =0.030) and the HPV16(+) subgroup for the recessive model (P A = 0.031). These results indicate that TP53 rs1042522 may have no significant influence on the risk of oral squamous cell carcinoma.
TP53 rs1042522 and OL risk
Six case-control studies with 391 cases and 763 controls were included from five articles for the meta-analysis of TP53 rs1042522 and OL risk. As shown in Table 2 , a fixed-effects model (Mantel-Haenszel method) was used for the carrier (I 2 = 41.0%, P H = 0.132) and heterozygote (I 2 = 45.2%, P H = 0.104) models, whereas a random-effects model (DerSimonian and Laird method) was used for the other alleles (I 2 > 50.0%). We did not detect a difference between the cases and the controls for all of the genetic models in the overall meta-analysis (Table 2 , P A > 0.05). After stratification by PB, India and Asia, similar negative results were detected ( Table 2 , P A > 0.05) and only separate from the homozygote (P A = 0.003) and recessive (P A = 0.004) model of PB subgroup. The forest plots are illustrated in Fig. 3 and in Additional file 10, Additional file 11, Additional file 12. These findings suggest that TP53 rs1042522 may not be associated with the susceptibility to oral leukoplakia.
Publication bias and sensitivity analysis
We performed both the Begg's test and Egger's test to qualitatively assess the presence of publication bias. Because no more than ten case-control studies in this meta-analysis examined OL, we only analyzed the publication bias in the meta-analysis of OSCC. As shown in Table 3 , the P-value of Begg's test and Egger's test was larger than 0.05 for all the above genetic models [P B (P-value of Begg's test) > 0.05; P E (P-value of Egger's test) > 0.05]. The Begg's funnel plot (Fig. 4A ) and Egger's publication bias plot (Fig. 4B ) of the allele model are shown as an example. Thus, there was no large publication bias in our study.
Moreover, we observed a similar summarized OR value in our sensitivity analysis (Fig. 5 for the allele model of OSCC; Additional file 13 for the allele model of OL; and other data not shown), which indicated the reliability of our results. 
Discussion
In this study, we focused on the potential role of TP53 rs1042522 in the risk of oral squamous cell carcinoma through a meta-analysis of sixteen case-control studies. Overall, the results of the present meta-analysis failed to find any significant association (P-value of the association test> 0.05) between TP53 rs1042522 and the risk of OSCC in either the Asian or Caucasian population. Additionally, the current meta-analysis investigated the potential role of TP53 rs1042522 in oral leukoplakia risk based on all the published articles that were available. The results showed that TP53 rs1042522 may not be a susceptible factor for oral leukoplakia disease.
Our meta-analysis data of OSCC coincides with the results reported earlier [16, 17] . In 2009, Zhou et al. performed the first meta-analysis of nine studies [11, 13, 14, 19-21, 23, 25, 28] and found that TP53 rs1042522 does not seem to be associated with the risk of OSCC [16] . In 2014, Zeng et al. selected eleven case-control studies [11, 13, 19, 22, 23, 26, 28, 29, [33] [34] [35] for a meta-analysis regarding the role of TP53 rs1042522 in the risk of OSCC risk among the Asian population and reported that TP53 rs1042522 is not linked to the risk of an HPV-negative OSCC patient among Asians [17] . In the present meta-analysis, we worked toward identifying the effect TP53 rs1042522 on the risk of OSCC in not only the Asian population but also the Caucasian population. We removed one study [33] , in which oral cancer was not histopathologically confirmed as SCC, and two other studies [34, 35] for deviation from the Hardy-Weinberg equilibrium. More importantly, we added another eight new case-control studies [12, 14, 15, 20, 21, 24, 25, 27] in our updated meta-analysis. Despite the above negative association between TP53 rs1042522 and OSCC risk, different conclusions were observed in meta-analyses regarding the genetic relationship between TP53 rs1042522 and oral cancer risk [36, 37] . In 2013, Jiang et al. identified 17 case-control studies [11, 13, 14, 19-23, 25, 26, 28, 29, 33, 35, 38-40] for a meta-analysis and reported a lack of a genetic link between TP53 rs1042522 and oral cancer risk [36] . However, In 2015, Hou et al. statistically pooled 13 studies [11, 19, 20, 22-24, 26, 39, 41-45] for another meta-analysis of the association between TP53 rs1042522 and oral cancer and revealed that TP53 rs1042522 may be linked to the pathogenesis of oral cancer [37] . Among these included studies, we noted that several case-control studies [33, 39, 40] do not provide the pathological typing information of oral cancer; however, OSCC accounts for most of oral cancer cases. In addition, the genotype distributions of the control group in two studies [35, 38] were not in line with Hardy-Weinberg Equilibrium.
Our updated meta-analysis enrolled as much articles as possible. Strict inclusion and exclusion criteria were utilized to select the eligible case-control studies. The reliability of our results was also observed in our sensitivity analysis. However, the limitations still exist in our study. The following concerns should be addressed. (1) Our statistical conclusion should be further verified by more case-control studies with a larger number of subjects. Only six case-control studies from five articles [10, 11, [30] [31] [32] were included for the meta-analysis of oral leukoplakia, and only four case-control studies [13] [14] [15] 26] were enrolled in the HPV 16 +/− subgroup meta-analysis of OSCC. We only detected the role of HPV 16 but not any other type of HPV. In addition, we only enrolled four case-control studies [15, 20, 21, 24] for the "non-Asian, Caucasian" subgroup analysis of TP53 rs1042522 and OSCC risk. Furthermore, no case-control study population was obtained for the "Caucasian" subgroup analysis of TP53 rs1042522 and OL risk. (2) The existence of between-study heterogeneity was observed in some comparisons. For example, the high heterogeneity among the case-control studies in the overall meta-analysis of TP53 rs1042522 and OSCC risk under allele and dominant genetic models disappears in the hospital-based, USA and HPV16(+) subgroups. The complexity of OSCC/OL pathogenesis, the source of control, location and ethnicity may be involved in this dynamic. (3) We did not perform the meta-analysis regarding the role of the other loci of the TP53 gene or the variant combination between the TP53 gene and other genes. (4) No case-control study in the Caucasian population was enrolled in the meta-analysis of TP53 rs1042522 and OL risk. In addition, we did not perform Begg's test and Egger's test to assess the risk of publication bias in meta-analysis of OL because the number of included case-control studies was less than ten. Even though our data from Begg's test and Egger's test show no proof of publication bias for the meta-analysis of OSCC, we still cannot ignore the impact of publication language, time, and regional variation on the presence of selection bias. (5) Even though the basic information of gender, age, smoking and alcohol consumption was gathered, the relevant stratification analyses by adjusted factors were not performed due to the lack of original genotype frequency data in both the case and control groups.
